Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Objectives: Assess the conditions under which the measured risk of a workplace injury resulting in a disability changes Methods: Multivariate regression analysis and administrative claims data build an understanding of the factors that underlie the probability that a workplace injury results in a disability (disability probability). Results: First, jointly examining injury incidence rates and disability probabilities challenges some conclusions suggested by examining the two separately. Second, some characteristics identified as risk factors for disability when studied in isolation are not risk factors. Third, risk factors are qualitatively consistent across groups of workers but quantitatively different. Conclusions: Policy makers might draw incorrect conclusions about the risk of a workplace injury becoming a disability unless the research provides a joint assessment of incidence rates and disability probabilities and a comprehensive analysis of risk factors across worker groups. 
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ABSTRACT
Objectives: Assess the conditions under which the measured risk of a workplace injury resulting in a disability changes Methods: Multivariate regression analysis and administrative claims data build an understanding of the factors that underlie the probability that a workplace injury results in a disability (disability probability). Results: First, jointly examining injury incidence rates and disability probabilities challenges some conclusions suggested by examining the two separately. Second, some characteristics identified as risk factors for disability when studied in isolation are not risk factors. Third, risk factors are qualitatively consistent across groups of workers but quantitatively different. Conclusions: Policy makers might draw incorrect conclusions about the risk of a workplace injury becoming a disability unless the research provides a joint assessment of incidence rates and disability probabilities and a comprehensive analysis of risk factors across worker groups.
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I. Introduction
Approximately 3.8 million American workers sustained a work-related injury in 2013, with about 30 percent missing work as a result. 1, 2 These injured workers might face reduced job opportunities 3 and their employers might face payments for medical treatments and lost wages. 4 Most of these costs are incurred by disabilities among a small proportion of injured workers. For example, workers' compensation programs paid approximately $61.9 billion in medical and wage replacement benefits in 2010, with 25 percent of the injuries accounting for 94 percent of the costs. 5 Similarly, 11 percent of injuries reported under the Federal Employees'
Compensation Act (FECA) involved a disability and incurred an average of nearly $20,000 in wage replacement and medical benefits in the first year-much greater than the $3,000
average across all reported injuries (authors' calculations). Here are below, we refer to injuries, which are sudden events, and illnesses, which develop over time, collectively as injuries when the distinction is not relevant.
The high cost of disabilities from work-related injuries has motivated important research questions: which types of workers are at greatest risk of injury, and which injuries are most likely to result in a disability? Policymakers and program heads could use the answers to these questions to better target resources and improve safety nets for injured workers most at risk of diminished earnings and to help employers plan for replacement workers. Unfortunately, many of the existing studies on such probabilities and on risk factors-individual, workplace, and other characteristics associated with a greater likelihood of disability-suffer from the use of less than adequate data. 6 This study uses a previously untapped data source-administrative data on workplace injuries reported under FECA-to better understand factors associated with the probability that a workplace injury results in a disability (disability probability). Both FECA and supplemental data from FedScope enable us to assess how the probability an employee will incur a workrelated injury (incidence rate) might influence the interpretation of the disability probability, how inaccuracies-which vary by worker group defined by demographics or injury type-arise in the disability probability when omitting key risk factors from analysis, and how the relationship between the disability probability and risk factors varies across worker groups.
II. Framework
Understanding the factors associated with incurring a disability from a work-related injury requires understanding two events: incurring an injury and that injury causing a disability. The injury incidence rate may vary with worker demographics and employment characteristics:
where Pr(I i ) is the probability that worker i sustains a work-related injury in a given time period. Past research has confirmed relationships between injury incidence rates and measures of demographics (X 1 ), such as age, gender, and race/ethnicity, 7, 8, 9 and employment characteristics (X 2 ), including occupation, industry, union representation, hours worked, tenure, 10, 11, 12, 13 environmental conditions, policies and programs, and organization and coworker support. 14 The disability probability among injured workers may vary with many of the same characteristics, as well as the type and severity of the injury (X 3 ) and the receipt of injuryappropriate services, including medical services or workplace accommodations (X 4 ):
where Pr(D i │I) is the disability probability. Past research has confirmed relationships between this probability and measures of demographics (X 1 ); 15, 16, 17 employment characteristics (X 2 ), 16, 18, 19 including work environment; 17, 20 injury characteristics (X 3 ); 16, 19 and the timeliness in provision of appropriate medical services (X 4 ).
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A substantial literature has attempted to estimate equations (1) and (2) and identify factors associated with each. These studies face at least three types of data limitations that may reduce the estimations' applicability to policy and program decision making. First, available data generally do not allow estimation of both sets of probabilities. Many datasets, including workers' compensation claims or medical center visits describe only injured workers, enabling estimation of the disability probability but not injury incidence rate. This is problematic because a higher disability probability in a group may be interpreted differently if that group also had lower injury incidence (for example). Although some of these data could be combined with population counts to estimate incidence rates, the literature typically does not interpret incidence and disability jointly.
Second, available datasets generally preclude estimation of causal relationships-the direct effect of a risk factor on the disability probability-that is reflected in equation (2) . Studies using observational data often identify risk factors-those characteristics in the X i vectors that are associated with a greater incidence rate or disability probability-but cannot distinguish whether the greater risk is due to the direct effect of those factors or proxy effects that capture the effect of an unmeasured characteristic that is correlated with a risk factor. For example, the physical demands of a job might affect the injury rate or disability probability and be related to worker characteristics such as gender. As a result, gender may appear to affect incidence rates and disability probabilities, when it captures (that is, proxies for) for the job's physical demands.
Estimating a more complete model can reduce proxy effects and provide an analysis of risk factors with more practical value. Research shows, for example, that females have higher incidence rates 22 and greater work absence once injured 16 than males, yet with more complete model specifications such differences disappear. 15 Such measurement of risk factors with more complete model specifications may help target efforts to prevent injuries or reduce their impact on the disability probability.
Finally, data used often apply to a specific injury, occupation, or industry, which identifies risk factors only in those groups. Fallacious comparisons across such studies might suggest inconsistencies in the factors associated with a disability probability. For example, the type of impairment was a key factor in returning to work in a study of partially disabled workers 19 but was less important than nonmedical factors (e.g., demographics) in a sample of patients in Level I trauma centers. 20 This study builds on previous research by addressing or further illuminating the nature of these problems. We estimate both incidence rate (equation 1) and the disability probability 5 (equation 2) for different groups of workers and jointly interpret both sets of probabilities. Our broad sample of workers covered under FECA and rich detail on worker and injury characteristics illustrates how estimates of the disability probability are sensitive to alternate specifications of equation (2) and how risk factors might differ across worker groups in ways that might limit generalizability of findings from analysis of a single injury, occupation, or industry.
We show that considering incidence rate and proxy effects alters the interpretation of risk factors and that findings from a subpopulation has limited generalizability to the entire population.
III. Empirical Methods
A major advantage of our analysis is its investigation of rich claims data from FECA. The and occupational illnesses, those occurring over more than one day. Each record describes the claimant at the time the injury was reported, pre-injury employment, and work outcomes during the first year after the injury was reported.
Three features about the data need to be emphasized. First, they do not contain claims in which work outcomes were not relevant to returning to work following an injury (e.g., a fatality) or the information did not meet data quality checks (e.g., dates of key events in the processing of a claim are inconsistent). 25 Second, they contain information on injuries reported and not on individual claimants, which makes claimants with more than one reported injury included separately for each claim filed. Studies of other workers' compensation programs show a prevalence of multiple claims, 26, 27 which suggests our standard error calculations might ignore some correlation among outcomes of individuals with multiple claims. Third, they contain only reported injuries. An estimated 40 percent of injured workers do not submit a workers' compensation claim, with about 30 percent of those workers losing time from work. 28 Our estimated relationship between risk factors and work outcomes might therefore be biased because those with less serious injuries are less likely to report them.
Injury incidence as a context for disability probability. We use employment data from FedScope (http://www.fedscope.opm.gov/|employment.asp) to compute the number of reported injuries per 1,000 covered federal workers (incidence rate) for all federal workers and the different groups included in FedScope, and use a chi-squared test to establish differences in rates across groups. Groups with higher incidence rates would have either a greater probability to sustain a work-related injury or to file a claim if injured. Although we do not have a single data source to measure injury incidence and disability risk, we jointly assess the two to provide a context-lacking in studies using only data on injured workers-for interpreting findings on the risk factors of disability and illustrate what policy-relevant information might be lost in assessing injury and disability risks separately.
Measuring disability. We use the loss of wage-earning capacity to capture an injury's impact on productivity. This measure defines disability as an absence, reduction in hours, or transfer to a lower-paying job that is due to the work-related injury, as supported by medical evidence. We developed two dichotomous measures of the disability probability from this
measure. An injury leads to any disability if the claimant was not working full-time at the preinjury wage at any time during the first year after the injury was reported. An injury leads to longterm disability if the claimant was not working, or was working at a lower-paying job, one year after the injury was reported. Both measures use the pre-injury wage as a baseline measure to capture productivity lost. Any drop in wage over the course of one year indicates a disability,
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and any work absence, reduction in hours, or lower pay one year after the injury indicates a long-term disability.
Measuring risk factors.
Identifying risk factors requires measures of them. Although no data set contains exhaustive information on demographics (X 1 ), employment characteristics (X 2 ), and injury characteristics and severity (X 3 ), the FECA data contain rich measures of key factors identified in equation (2) . Demographic characteristics include gender, age, and dependent status; employment characteristics include occupation categories and employing department (analogous to industry); and injury characteristics include the nature, area, and cause of injury, and whether the injury was characterized as a traumatic injury or occupational illness (i.e., injury type). Although some studies attempt to quantify injury severity by measuring proxies, (i.e., quantities correlated with injury severity) we believe such measures are more appropriately considered disability outcomes (e.g., time missed from work) or injury-appropriate services (e.g., medical payments made). We do not include injury-appropriate services (X 4i )
administered after the injury occurs in our analytic model because their inclusion would not be useful for identifying risk factors at the time of the injury even if they could be empirically separated from injury severity. The online appendix provides details about all measures.
We initially compute the (unadjusted) disability probability for both disability measures and different worker groups, defined by X (i.e., demographics, employment characteristics, and injury characteristics). For each group, we use a two-tailed t-test to determine whether the mean of each disability measure differs significantly (p < 0.05) between that group and all other injury claims.
Identifying proxy effects. Although no observational data set on injuries can fully separate direct and proxy effects, adjusting for known risk factors can help reduce them. Intuitively, we wish to compare the disability probability of individuals with a high value of a given risk factor to that of individuals with a low value of that risk factor but otherwise similar characteristics.
Accordingly, we adjust average disability rates for measurable risk factors by estimating an ordinary least squares (OLS) regression and compute the adjusted disability probability:
where Y i is one of the two binary measures of disability probability, each X is a vector of risk factors--demographics (X 1i ), employment characteristics (X 2i ), and injury characteristics (X 3i )--and ε i is an idiosyncratic error term. The adjusted mean for a group, such as injuries among healthcare workers, is computed as the predicted value of the disability outcome for an individual in that group who has the mean value of all other characteristics. We performed a ttest to determine whether each adjusted mean (adjusted disability probability) differed significantly (p < 0.05) from the unadjusted mean (unadjusted disability probability) of all other individuals to examine how proxy effects might distort estimates of disability probability. The coefficient on an indicator variable for a given group represents the difference in adjusted disability rates between that group and the omitted category for that characteristic, adjusting for differences in other characteristics. Equivalently, the coefficients that differ from zero identify the risk factors associated with disability.
Risk factors across groups. We use the same regression framework to examine how risk factors associated with a disability probability might differ across groups. For this, we stratify equation (3) by demographic characteristics, employment characteristics, and injury type, excluding the corresponding vector of characteristics from stratified estimations. For example, when stratifying by age, X 1 includes indicators for gender and dependents but not age.
Coefficients from stratified estimations quantify risk factors for each group and differences in risk factors across groups suggest that programs and policies intended to address disabilities among high-risk groups should be based on information only for a specific population of interest.
More broadly, such differences would dictate caution in extrapolating findings from much of the existing literature, which examines risk factors using data on very specific groups.
IV. Findings
We discuss findings in the three areas in which this research extends the current literature: joint examination of injury incidence and disability probability; proxy effects; and differences in risk factors across groups. Because the large number of observations in the FECA data produces statistically significance in even small differences in probabilities across groups, we focus our discussion on relatively large differences that could reasonably be considered the most substantive.
A. Injury incidence as a context for disability probability
Not all workers were equally likely to report a work-related injury through FECA (Table 1) . In 2010, each 1,000 covered employees filed an average of 42 FECA claims. This incidence rate differed slightly across demographic groups and dramatically across employing department. For example, youth (workers aged 14 to 24) reported higher incidence rates than average (80 injuries per 1,000 workers) but other aged groups reported near average rates (42 injuries per 1,000 workers). A larger spread existed across employing department: employees in the Department of Homeland Security reported 67 injuries per 1,000 covered workers, while employees in the Department of Defense reported 28.
When incidence rates are interpreted alongside the disability probabilities across groups (Table 2) , we can see how analysis of only disability probabilities might produce misleading conclusions. Overall, disability probabilities were 10.6 percent for any disability and 4.1 percent for long-term disability. Youth, however, had far lower disability probabilities (4.2 and 1.9 percent, unadjusted), despite having higher-than-average injury rates. Employees of the Department of Defense, who had lower-than-average injury rates (28 versus 42 injuries per 1,000 workers), also had lower-than-average disability probabilities (8.3 and 3.0 percent, unadjusted). Employees of the Department of Homeland Security, with extremely high incidence rates, had fairly typical disability probabilities (9.8 and 4.0 percent, unadjusted). Incidence rates alone might suggest expending a disproportionate amount of resources on youth and Homeland Security employees, even though these groups-especially youth-have injuries that are relatively unlikely to result in a disability.
Still, differences in disability probabilities in isolation from injury rates can inform which types of injuries have a relatively high likelihood of being severe. In fact, differences in (unadjusted) disability probabilities across injury characteristics recorded in the FECA data were generally much greater than differences across groups of workers ( Table 2 ). The disability probability for any disability ranged from 4.2 (wound) to 13.4 (pain) in categories of nature of injury; from 3.9 (head, internal) to 21.2 (shoulder) in areas of injury; from 2.0 (animal or insect) to 15.6 (handling mail) in cause of injury and 9.6 for traumatic injury and 17.1 for occupational illness. Patterns across groups in long-term disability were qualitatively similar, but the differences were smaller in magnitude, consistent with the lower probability of this measure overall. The low R squared values (0.02 to 0.05) in these specifications are a reminder that although we have identified statistically significant and potentially useful relationships, many other factors affect whether work-related injuries are associated with a disability.
B. Identifying proxy effects
The differences in disability probability across groups may reflect both inherent differences across those groups (direct effects) and proxy effects. If adjustments for differences in characteristics across groups reduce risk factors or differences in risk factors across groups, it suggests that some correlates of disability proxy for other risk factors. For example, because adjustments in risk factors reduced the variance in disability probabilities across occupational groups, as compared to the unadjusted disability probabilities, occupation may be a proxy for other risk factors such as industry. More concretely, injured office and administrative support workers had higher disability probabilities than protective service workers (13 percent versus 9 percent for any disability), but injured workers in both occupations who have otherwise similar characteristics have nearly equal disability probabilities. Disregarding this proxy effect may, for example, suggest the need to target resources towards office and administrative support workers when no evidence exists of an inherent difference in risk across these occupations. Not all differences across groups were reduced by adjusting for characteristics, possibly suggesting inherent differences in risk factors across groups. For example, the adjusted mean of any disability differed from the unadjusted mean by less than 2 percentage points for all employing departments. Furthermore, the disability probabilities following internal head injuries or leg injuries differed more when comparing otherwise similar injured workers, suggesting that unadjusted means may understated the inherent differences in disability probabilities between these injury locations. Patterns across groups were similar for long-term disability.
C. Differences in risk factors across groups
Risk factors for disability differed across groups in two ways. Patterns in risk factors were similar across groups, but showed greater risk in some groups than others (Tables 3 and 4 ) and some risk factors identified for all claimants were not associated with an increased disability probability for specific subgroups. Furthermore, risk factors were not necessarily additive: the presence of two or more risk factors may be greater or smaller than the sum of individual risks.
For example, occupational illnesses among postal workers had higher disability probabilities than the two risk factors alone would suggest: Occupational illnesses were 6 percentage points more likely to result in any disability than otherwise similar traumatic injuries, while injuries or illnesses reported by Veterans Affairs workers were 8 percentage points less likely to result in any disability than otherwise similar injuries or illnesses reported by Postal Service workers. Yet the gap in disability probability across departments more than doubled to nearly 17 percentage points when comparing occupational illnesses. By contrast, older workers had a low disability probability from internal head injuries (10 percentage points lower than external trunk injuries) despite having a higher disability probability overall (1 percentage point higher than middle-aged workers.
Injury characteristics. Risk factors were similar across injury type but frequently had a greater disability probability following occupational illnesses than traumatic injuries (Table 3) .
Although the same characteristics tended to predict a greater disability probability for both traumatic injuries and occupational illnesses, each disability probability was nearly twice as common following occupational illnesses, with the increase found in the aggregate and among many subgroups. For example, occupational illnesses sustained by workers with dependents and employees of the U.S. Postal Service had higher disability probabilities for any disability than otherwise similar traumatic injuries. Some risk factors predicted substantially greater risk for occupational illnesses, such as injuries and illnesses occurring in the hand, perhaps due to the differences in the types of work-related conditions that arise over multiple days (occupational illnesses) versus a single event or day (traumatic injuries).
Demographics. Patterns in risk factors were similar across demographic groups, but sometimes levels of the disability probabilities differed across groups (Table 4) . For example, knee and shoulder injuries were risk factors of any disability for both genders but males had a greater numeric disability probability. By contrast, occupational illness was associated with a greater disability probability for female workers. Injuries affecting the knee, arm, or shoulder had higher disability probabilities if sustained by a worker age 25 or older, while injuries affecting the head internally were had lower disability probabilities for older workers. Patterns were similar for risk factors of long-term disability, but quantitative differences in risk factors were small for workers with and without dependents.
Employment Characteristics. Differences in risk factors across employing department varied, particularly among demographic risk factors (detailed results available from the authors).
For example, gender did not appear to affect the disability probability among injuries reported by Department of Defense employees, but was 3 percentage points higher if reported by a female in the U.S. Postal Service. Associations between injury characteristics and risk factors also varied with department. For example, disability probabilities for shoulder injuries were higher when reported by U.S. Postal Service or Department of Defense workers. Few differences existed in risk factors across occupation and the few differences that appeared were very small.
V. Summary and Discussion
The research used the FECA data to extend the literature on risk factors associated with incurring a disability after a work-related injury. These data cover a broad population of workers' compensation claims and allow us to assess the demographic, employment characteristics, and injury characteristic risk factors associated with a greater disability probability. When augmented with information from FedScope, we can jointly assess workplace injury rates and disability probabilities.
Research findings extended the discussion of risk factors associated with work-related incidence rates and disability probabilities by providing a clearer context for much of the literature. We showed that examinations of risk factors for disability may be limited if interpreted without the context of incidence rates, estimated with incomplete model specification, or estimated on a narrowly defined population. We provided evidence of the impacts of these three limitations on studies of risk factors.
First, jointly examining injury incidence rates and disability probabilities challenges some conclusions by research by examining the two separately. Policy makers might overstate the need for programs or services to reduce risk of disability among youth, for example, based only on information about their high injury incidence rates. Alternatively, they might understate this need based on their low disability probability. Only with knowledge of both injury incidence rates and disability probabilities can resources can be appropriately targeted for this group.
Second, the research suggests that the higher risk among some groups might be explained by the presence of other risk factors in those groups. In isolation, some characteristics such as the office and administrative support occupation appear to be risk factors for disability following injury, but a more comprehensive analysis suggests these injuries are at no greater risk than similar injuries from other occupational groups. Apparently employment in office and administrative support jobs captures other characteristics common among those injuries that were associated with higher disability probabilities. Targeting resources to groups with high disability probabilities might be unwarranted given that the probability may reflect another characteristic rather than an inherent risk of those groups.
Finally, the qualitative consistency of the associations between characteristics and disability probabilities across groups shown in this research allows for broad generalizations about risk factors but their quantitative differences across groups dictate caution in applying the level of risk across groups. That is, a risk factor identified in one occupation (for example) is likely to be a risk factor in other occupations, but the factor may be associated with a greater disability 14 probability in some occupations than others. Information about these numerical differences may be useful in developing policies and procedures for helping specific groups of injured workers.
Further research on disability following work-related injury is warranted. This paper shows the importance of evaluating risk factors for disability within the context of incidence rates, but we measure disability and incidence using separate data sources. Individual-level data on both workplace injuries and all workers would be required to model incidence and disability jointly.
Furthermore, like any analysis of observational data, we cannot ascertain whether the risk factors identified cause disability or merely proxy for an unobserved factor. Accordingly, this research is appropriate for identifying groups of injured workers at higher risk of disability but not for evaluating the effectiveness of a particular intervention for those workers.
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Notes:
Number of employees as measured in September 2010, and incidence rate is the ratio of injuries per 1,000 employees. FedScope defines groups differently than the FECA data, so the number of covered employees in a group may be overestimated or underestimated. Comparisons by occupation were untenable, and the U.S. Postal Service is excluded from this table. 1,299 FECA claims with missing age are excluded from the age tabulation. 
Note:
The number and percentage of claims (out of 800,791) in each category is shown in the first and second columns. Categories for missing gender (85), age (7, 792) , or occupation (229,213) are not shown. The remaining columns show the means and adjusted means (in percentages) of the disability probability within each group. Adjusted means are regression adjusted to the mean of all other independent variables and location dummies. n.a. means not applicable.
* indicates that the mean or adjusted mean for that group differs statistically from that of all other claims (p ≤ 0.05). Note: Numbers are coefficients from ordinary least squares estimations of equation (3) except where noted. * indicates a significant (p ≤ 0.05) coefficient. See Table 4 for omitted categories. Location variables were also included in the estimations as controls, but coefficients are not reported here. Full results are available from the authors.
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Clinical significance of Understanding the Probability of a Disability Resulting from Work-Related Injuries
The article highlights caveats that practioners must consider when interpreting estimates of the risk that a workplace injury will lead to a disability. Estimated relationships between risk factors and disability probabilities vary with different groups of workers, the variables used in the computation, and the risk of injury initially.
